The independent recruitment of ATR-ATRIP is consistent with its ability to be activated by damage in the absence of the checkpoint-sliding clamp and RFC-like proteins. The Rad17-dependent, but ATRindependent, recruitment of Rad9 (Ddc1 Sc ) and, by implication, the other PCNA-like proteins is intriguing. First, it supports the idea that Rad17 can act as a specific loading factor for the checkpoint-sliding clamp (consistent with its similarity to RFC), and second, it demonstrates that two separate DNA damage recognition mechanisms are acting to detect double-strand breaks.
response to double-strand breaks in the absence of the other proteins, although the signal does not get passed down to the effector kinases [3] . Rad17 (Rad24 Sc ) forms a stable protein complex with the four small subunits of replication factor C [4] . RFC is known to load the 'sliding clamp' processivity factor PCNA at the primer-template junction during DNA replication. Interestingly, the remaining three proteins, Rad1, Rad9 and Hus1, are all related in structure to PCNA [5] and can assemble into a heteromeric protein complex which is sometimes thought of as a checkpoint-sliding clamp. The homology of these checkpoint protein complexes to DNA replication proteins resulted in the hypothesis that the Rad17-RFC complex loads the checkpoint-sliding clamp onto chromatin at sites of DNA damage [2] .
Three recent studies [6] [7] [8] have found that the ATR-ATRIP kinase complex and the checkpointsliding clamp are recruited to the chromatin in response to DNA damage, through independent mechanisms. Melo et al. [7] and Kondo et al. [6] both employed the Saccharomyces cerevisiae system in which a single genomic double-strand break is generated upon induced expression of the site-specific HO-endonuclease. Zou et al. [8] studied mammalian cells after UV or ionising radiation exposure in which they had ablated proteins by either RNA inactivation (RNAi) or cre-Lox recombination.
The independent recruitment of ATR-ATRIP is consistent with its ability to be activated by damage in the absence of the checkpoint-sliding clamp and RFC-like proteins. The Rad17-dependent, but ATRindependent, recruitment of Rad9 (Ddc1 Sc ) and, by implication, the other PCNA-like proteins is intriguing. First, it supports the idea that Rad17 can act as a specific loading factor for the checkpoint-sliding clamp (consistent with its similarity to RFC), and second, it demonstrates that two separate DNA damage recognition mechanisms are acting to detect double-strand breaks.
The independent assembly of ATR-ATRIP and the PCNA-like proteins, coupled with the fact that both systems are required for checkpoint activation, suggests the operation of a fail-safe mechanism that prevents improper activation of the checkpoint pathway ( Figure 1 ). In such a model, the Rad17-RFC complex would load the checkpoint-sliding clamp next to the ATR-ATRIP kinase at the site of DNA damage. Like PCNA, the checkpoint-sliding clamp could act as a scaffold. This would allow the ATR kinase to phosphorylate its substrates [7] , including the effector kinases Chk1 and Chk2. Melo and co-workers [7] did not find any convincing evidence that the effector kinase Chk2 (Rad53 Sc [12] . Work in S. cerevisiae demonstrated that ATR (Mec1 Sc ) is required to phosphorylate histone H2A after DNA damage, and that this modification occurs in the absence of the Rad17-RFC loading factor [13] . Taken together, these findings imply that ATR-ATRIP kinase assembles at a break site to phosphorylate neighbouring histone H2A or histone variant H2AX, possibly highlighting the region of DNA for the repair machinery (Figure 1) .
S. cerevisiae H2A phosphorylation is independent of the Rad17-RFC loading factor, and Rad9 (Ddc1 Sc ) loads onto DNA in the absence ATR (Mec1 Sc ). Therefore, histone H2A modification does not explain the presence of the checkpoint-sliding clamp at sites distal to the damage site. A possible explanation might come from previous reports that a 5′-to-3′ exonuclease moves away from DNA damage induced at S. cerevisiae telomeres by mutation of the cdc13 gene, and that this is dependent on checkpoint-sliding clamp proteins [14] . Perhaps the sliding clamp performs an additional function at sites of DNA damage that is directly linked to DNA repair activity (Figure 1) . In summary, the demonstration that two distinct checkpoint protein complexes are independently recruited to sites of DNA damage suggests a fail-safe mechanism for checkpoint activation which may have evolved to prevent activation by chromatin perturbations that are not associated with DNA damage. In addition to ensuring that the checkpoint is only activated in response to bona fide DNA damage, checkpoint protein complexes may also perform additional functions. For example they could mark damaged chromatin regions for DNA for repair and they might directly participate in repair activities. 
